Species differences in the effects of substance P on inositol trisphosphate accumulation and cyclic AMP formation, and on contraction in isolated iris sphincter of the mammalian eye: differences in receptor density.
The effects of substance P (SP) on inositol trisphosphate (IP3) accumulation, myosin light chain (MLC) phosphorylation, cAMP formation and contraction were studied in iris sphincter smooth muscle of different mammalian species. SP receptor density was also examined in membrane fractions from this tissue. The data obtained can be summarized as follows. (1) In the iris sphincters of rabbit, bovine and pig, SP receptors are coupled to the phospholipase C system, whereas in dog, cat and human these receptors are coupled to the adenylate cyclase system. (2) In those species which employ the phospholipase C system, SP induced IP3 accumulation, MLC phosphorylation and contraction in a dose-dependent manner; in contrast, in those species in which SP induced the formation of cAMP we found the neuropeptide to cause muscle relaxation. The findings on cAMP formation in intact tissue were confirmed in iris sphincter membranes. Both the effect of SP on IP3 accumulation in rabbit and bovine sphincters and its effect on cAMP formation in the dog were blocked by the SP antagonist, (D-Pro2, D-Trp7, 9)-SP. (3) The density of SP receptors in rabbit, bovine and dog were found to be 227, 110.9 and 13.6 fmol mg-1 protein, respectively, and the Kd values were 1.9, 1.8 and 1.3 nM, respectively. (4) Of the neuropeptides investigated SP, neurokinin A and neurokinin B had significant stimulatory effects on IP3 accumulation and on contraction in the rabbit iris sphincter; however, neither neurokinin Y nor the calcitonin gene-related peptide (CGRP) had any effect on these responses. In addition, none of the neuropeptides studied had any effect on IP3 or on contraction in the dog iris sphincter. While it is possible that SP may have dual actions, with the predominant action dependent on the species, the data presented could suggest the presence of two SP receptor subtypes, one coupled to phospholipase C and the other to adenylate cyclase. The results of this investigation indicate major species differences in biochemical and functional responsiveness to SP and in SP receptor density in the iris sphincter of the mammalian eye, and support a modulatory role for the neuropeptide in muscle response in this tissue.